Abstract: A rapid and sensitive RP HPLC method was developed for the routine control analysis of eletriptan hydrobromide and its organic impurity UK 120.413 in Relpax ® tablets. The chromatography was performed at 20°C using a C 18 XTerra TM (5 mm, 150´4,6 mm) column at a flow rate 1.0 ml/min. The drug and its impurity were detected at 225 nm. The mobile phase consisted of TEA (1 %) -methanol (67.2:32.8 v/v), the pH of which was adjusted to 6.8 with 85 % orthophosphoric acid. Quantification was accomplished by the internal standard method. The developed RP HPLC method was validated by testing: accuracy, precision, repeatibility, specificity, detection limit, quantification limit, linearity, robustness and sensitivity. High linearity of the analytical procedure was confirmed over the concentration range of 0.05 -1.00 mg/ml for eletriptan hydrobromide and from 0.10 -1.50 mg/ml for UK 120.413, with correlation coefficients greater than r = 0.995. The low value of the RSD expressed the good repeatability and precision of the method. Experimental design and a response surface method were used to test robustness of the analytical procedure and to evaluate the effect of variation of the method parameters, namely the mobile phase composition, pH and temperature. They showed small deviations from the method setting. The good recovery and low RSD confirm the suitability of the proposed RP HPLC method for the routine determination of eletriptan hydrobromide and its impurity UK 120.413 in Relpax ® tables.
INTRODUCTION

Eletriptan, 3-{[(R)-1-methyl-2-pyrrolidinyl]methyl}-5-[2-(phenylsulfonyl)ethyl]indole hydrobromide
, is a new orally active 5-HT 1B/1D agonist, recently approved by the Food and Drug Administration for the acute treatment of migraine headache. [1] [2] [3] [4] The related impurity in bulk drug samples is (R)-5-ethyl-3-(1-met-hyl-2-pyrrolidinylmethyl)-1H-indole, (UK 120.413), (Fig. 1b) . Control of pharmaceutical impurities is currently a critical issue in the pharmaceutical industry. The International Conference on Harmonization (ICH) has formulated a workable guideline regarding the control of impurities. 5 Organic impurities associated with the active pharmaceutical are the unwanted chemicals which are developed during drug synthesis or formulation. The presence of these unwanted chemicals, even in small amounts, may influence the efficacy and safety of the pharmaceutical products. Impurity profiling (identification and quantification) is now receiving increased attention from regulatory authorities. A number of recent articles 6, 7 described a designed approach and guidance for the isolation and identification of process-related impurities and degradation products. In general, according to ICH guidelines on impurities in new drug products, 8 identification of impurities below the 0.1 % level is not considered to be necessary unless the potential impurities are expected to be unusually potent or toxic. In all cases, impurities should be quantified. If data are not available to quantity the proposed specification level of an impurity, studies to obtain such data may be required. UK 120.413 is an unwanted organic impurity developed during the manufacture of the bulk drug. Its presence in dosage form is limited to 0.2 % due to side effects. Different side effects, such as cardiac events, asthenia, nausea, dizziness and somnolence, can develop as a consequence of a loss of the selectivity for the 5HT 1B/1D receptor subtypes and selectivity for other receptors, such as dopamine and different subtypes of 5HT 1 receptors. 9 A highly sensitive method for the determination of eletriptan in biological fluids (saliva and plasma) is based on HPLC analysis with gradient elution. 10 However, to the best of our knowledge, no analytical method for the quantitative analysis of the chemical purity of eletriptan in dosage forms is yet reported in the literature. This the aim of this study was to develop a new appropriate chromatographic method for impurity profiling of eletriptan bulk drug and pharmaceutical formulations.
EXPERIMENTAL
Chemicals and solutions
The standard substances, eletriptan and impurity UK 120.413, and the examined preparation, Relpax ® tablets containing 40 mg of eletriptan in a form of the hydrobromide, were obtained from Pfizer, H. C. P. Corporation. Water was deionised using a System Simplicity 185 (Millipore, U.S.A.). All reagents were of analytical grade. Triethylamine (TEA) (Merck, Germany), methanol-gradient grade (Lab Scan, Ireland) and 85 % orthophosphoric acid (Carlo Erba, Italy) were also used.
Solutions
The stock solutions were prepared by dissolving the standard substances in methanol to obtain concentration of 2.00 mg/ml for eletriptan hydrobromide and 5.00 mg/ml for UK 120.413. A 1.00 mg/ml solution of phenobarbital as the internal standard in the mobile phase was also prepared.
Sample preparation
An accurately weighed quantity of ten finely powdered Relpax ® tablets, equivalent to 100.00 mg of eletriptan hydrobromide, was transferred with 25 ml of methanol into a 50-ml volumetric flask. The film had previously been removed from the tablets. After sonicating and shaking the mixture for 25-30 min, it was made up to volume with the same solvent, mixed and passed through a Whatman 42 filter. An aliquot (1.50 ml) of this solution was transferred into a 10-ml volumetric flask, 0.50 ml of internal standard solution was added and made up to volume with the mobile phase solutin. The concentration of eletriptan hydrobromide was 0.30 mg/ml.
Chromatographic conditions
A Hewlett-Packard HP 1100 (Palo Alto, CA, USA) chromatographic system equipped with an HP 1100 binary pump and an HP 1100 UV-VIS detector. The sample was injected via a Rheodyne injector valve with a 20 ml sample loop and the detection was performed at 225 nm. A Waters XTerra TM (5 mm, 150 mm´4.6 mm) column was used. The mobile phase flow rate was 1.0 ml/min and the column temperature was 20°C. The mobile phase consisted of an aqueous solution of TEA (pH 6.8, 1 %) -methanol (67.2:32.8 v/v). The mobile phase was filtered and degassed before use.
RESULTS AND DISCUSSION
The developed method was tested for accuracy, precision, repeatability, specificity, detection limit (LOD), quantification limit (LOQ), linearity, robustness and sensitivity.
The specificity of the method was investigated by observing potential interference between eletriptan hydrobromide and its impurity with tablet excipient (Fig.  2) . No interfering peaks were present in the chromatograms.
The linearity of the relationship between the peak area and concentration was determined by analysing nine standard solutions over the concentration range 0.05 -1.00 mg/ml for eletriptan hydrobromide and 0.10 -1.50 mg/ml for UK 120.413. There samples (20 mL) of each of these solutions were injected into the chromatographic system. For all analytes, the relationship between the peak area ratio of drug to internal standard and concentration was highly linear over the entire examined concentration range (Table I ). The correlation coefficients of the calibration curves being greater than r = 0.995. The relative standard deviations (RSD) and the standard errors of the slope, as well as of the intercept for both analytes confirm the excellent linearity. By analysing seven solutions of three different concentrations for each analyte, the precision (repeatability) of the chromatographic procedure was assessed. The low value of the RSD (Table II) indicates satisfactory repeatability of the method. 
The limit detection (LOD) was measured as the lowest amount of analyte that may be detected to produce a response which is significantly different from that of a blank. The limit of detection was derived from the lowest concentration which could be detected with reasonable certainty. It was calculated as the ratio of the response (s) and the slope (S) of the calibration curve at the levels approaching the limits according to equation LOD = 3.3 (s/S). 11 The LOD for eletriptan hydrobromide was 5 ng/ml and 10 ng/ml for UK 120.413. The limits of quantification (LOQ), calculated as the lowest amount of analyte which can be reproducibly quantified above the baseline noise with a RSD £ 3 % for replicate injections, were 10 ± 1.4 ng/ml and 30 ± 2.65 ng/ml for eletriptan and UK 120.413, respectively.
According to ICH, the robusstness of an analytical method refers to its capability to remain unaffected by small and deliberate variations in the method parameters. Experimental design was used to evaluate the robustness of the method in order to study the simultaneous variation of the factors on the considered response. [12] [13] [14] [15] [16] [17] Recognizing that HPLC separation can be influenced by many factors, such as the composition of the mobile phase, the pH of the mobile phase, temperature, flow rate, stationary phase properties, etc, it is important to precisely define the factors having the greatest effect and their domains. It was experimentally confirmed that the following chromatographic parameters should be closer examined as variables: the pH of the mobile phase (factor X 1 ), the composition of the mobile phase (the concentration of methanol) (factor X 2 ) and the column temperature (factor X 3 ). To screen the relative influence of each of the factors and their possible interactions in the experimental domain, central composite design was applied.
The central composite design is built up of a full factorial 2 k design to which a star design is added. The central composite design is completed by the addition of a center point. The total number N of experiments with k factors is: N = 2 k + 2 k + c. The first term is related to the full factorial design, the second to the star points and DETERMINATION OF ELETRIPTAN AND UK 120.413 the third to the center point. When three factors are to be considered, at least 8 + 6 + 1 = 15 experiments are necessary. Replicates of the center point allow an accurate evaluation of the experimental error, hence enabling the significance of the effects to be estimated. Considering k = 3 factors, the experimental domain has the compositon of a cube, the eight corner points of which represent the locations of the experiments. The lengty of the arms of the star plays a major role in the appearance of the central composite design. If the length his in the middle of the range of the investigated factors, the star points lie on the faces of the cube and the experimental domain is the same as defined by a 2 k full factorial design. This kind of design is called a face-centred cube design.
The ranges investigated during the robustness testing of the proposed RP HPLC method were: column temperature; 20°C, 25°C and 30°C, methanol in the mobile phase 32 %, 33% and 34 % and 6.2, 6.5 and 6.8 pH of the mobile phase.
The relationship between the inputs (for the three factors) and the output in the central composite design can be presented as a second order polynom of the following from:
In order to obtain a better idea of the significance of the influence of a factor, it is useful to put each variable on a comparable scale, i.e., it is common to code the experimental data. The highest coded value of each variable equals +1 and the lowest -1. The central point of each factor is 0 and the design is symmetric around this value. Then, the corresponding regression coefficients are approximately on the same scale. Provided that the data are correctly coded, the larger the coefficient, the greater is its significance. 18 The model matrix for a face-centred cube design for three factors and the capacity factors for the investigated substances as the observed responses are presented in Table III . The obtained values for the coefficients indicate that the column temperature (factor X 3 ) and the content of methanol in the mobile phase (factor X 1 ) have the greatest impact on the chromatographic behaviour of the system. On the other hand, the separation and capacity factors were less sensitive to variations in the pH of the mobile phase (factor X 2 ). In order to maximise the chromatographic performance and to obtain a better understanding of the separation process, it is always recommended to attempt to observe the system graphically. Hence, and additional ten experiments were performed and ten new solutions were examined at 20, 25 and 30°C column temperature, with 32, 33 and 34 % of methanol in the mobile phase, with a replicate at the mid-point (25°C temperature and 33 % of methanol). Being the factor having the least influence, the pH was held constant in these experiments. Based on the results from these experiments, 3D-graphs were constructed, Fig. 3 , and the data was completed with theoretical equations which correlate the capacity factors of eletriptan and UK 120. 2 ) + 0.040(X 2 ) 2 -0.254 (X 1 )(X 2 ). X 1 is content of methanol in the mobile phase (%); X 2 is column temperature (°C).
In can be seen that the effect of the temperature depends on the concentration of methanol for the chromatographic behavior of UK 120.413 while this interaction is less significant in the case of eletriptan. Therefore, fine tuning of the temperature and the mobile phase composition can improve the separation between these two analytes. This was confirmed by plotting the capacity factors as a function of the methanol content and the column temperature. A good chromatographic behaviour requires capacity factors to be neither too low (tendency of the molecules to be in the mobile phase rather than in the stationary phase), nor too high (long analysis time). It seems that, due to the similar lipophilic/hydrophilic characteristics of both substances, increasing the content of methanol is followed by a reduction in the retention times and capacity factors. However, the combination of higher methanol contents and higher column temperature results in an un satisfactory separation. Thus, good separation and optimum run time could only be assessed with lower levels of the investigated factors.
For the analysis of the variance, the ANOVA method was used to analyse the results in order to obtain an adequate elution model. 5 Since the chosen factor had a significant effect on the responses, that is on the capacity factors, for eletriptan hydrobromide and UK 120.413, the variance in the data set asigned to the factors was larger than that of the residuals. It was confirmed by the Fisher variance ratios for significance of the regression, i.e., significance of the factor effect. According to the data set for eletriptan hydrobromide and UK 120.413, F = 33.52 and F = 7.17, respectively. (F crit = 6.26) and it was significant at the 95 % level of confidence. The test for the lack of fit was used to compare the variance due to the lack of fit with the variance due to purely experimental uncertainty. The data showed F lof = 174.35 for eletriptan hydrobromide and F lof = 207.52 for UK 120.413 (F crit = 215.70) and it was not significant. Therefore, it can be concluded that there was no significant amount of variation in the measured responses and the measured responses could be explained by the model. As was to be expected, the residuals were very small. The values of R 2 = 0.977 for eletriptan hydrobromide and R 2 = 0.900 for UK 120.413 indicate that the factors explained the data very well. Taking the degrees of freedom into account, they were adjusted to R 2 = 0.948 for eletriptan hydrobromide and R 2 = 0.774 for UK 120.413. The validated method was then applied to assay eletriptan hydrobromide and UK 120.413 in Relpax ® tablets. A summary of the results is presented in Table IV . The content of eletriptan hydrobromide was 100.33 % and the content of the impurity was lower than 0.2 %. The good recovery and low RSD confirm the suitability of the proposed RP HPLC method.
CONCLUSIONS
An isocratic method for the RP HPLC separation of eletriptan hydrobromide and UK 120.413 was developed. The metod is simple, selective, repeatable, linear and sensitive. The method robustness was demonstrated using experimental design techniques, taking into consideration the selectivity of the RP HPLC method. The central composite design method was first employed to evaluate the important chromatographic variables and further investigation of the robustness was carried out by application of a response surface design. The described method can be used for the simultaneous determination of eletriptan hydrobromide and its impurity product in bulk drug and in pharmaceutical products in routine control analysis. U ovom radu je predstavqena brza i osetqiva RP HPLC metoda namewena za rutinsko ispitivawe i kontrolu eletriptan hidrobromida i wegove organske neisto}e UK 120.413 u Relpax ® tabletama. Hromatografski postupak je izveden uz kori{}ewe kolone C 18 XTerra ™ (5 mm, 150´4.6 mm) pri protoku mobilne faze od 1.0 ml/min i na 20°C, a detekcija lekovite supstance i wene ne~isto}e je vr{ena na 225 nm. Mobilna faza se sastojala iz sme{e TEA (1 %) -metanol (67,2:32,8 v/v), pH vodene faze je pode{en na 6.8 sa 85 % ortofosfornom kiselinom. Kvantitativna analiza je vr{ena metodom internog standarda. Predlo`ena RP HPLC metoda je validirana, a ispitivani su ta~nost, preciznost, ponovqivost, specifi~nost, limit detekcije, limit kvantifikacije, linearnost, robustnost i osetqivost metode. Visoka linearnost analiti~kog postupka je potvr|ena u opsegu koncentracija 0,05-1,00 mg/ml za eletriptan hidrobromid i 0,10-1,50 mg/ml za UK 120.413, sa koeficijentima korelacije koji su ve}i od r = 0,995. Niska vrednost relativne standardne devijacije potvr|uje dobru ponovqivost i preciznost metode. Eksperimentalni dizajn i metoda povr{ine odgovora sistema su kori{}eni u toku ispitivawa robustnosti da bi se procenio uticaj varirawa vrednosti hromatografskih parametara metode. Test robusnosti je obuhvatao sastav mobilne faze, pH i temperaturu u malim varirawima vrednosti oko nominalne. Dobre "recovery" vrednosti i niska relativna standardna devijacija potvr|uju da je predlo`ena RP HPLC pogodna za rutinsko odre|ivawe eletriptan hidrobromida i wegove ne~isto}e UK 120.412 u Relpax ® tabletama.
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